Present address: China National Centre of Preventi pBR322/Ultraviolet irradiation/Restriction endonuclease/Pyrimidine dimer Plasmid pBR322 DNA was irradiated with ultraviolet light at 254 nm and digested with various restric tion endonucleases. Analyses of the products suggested that the pyrimidine dimers which would have been formed just across the cutting site (Acc I), at the opposite position of the cutting site (Hind III, Eco RI, Bam HI), and at the position adjacent to the cutting site (Aha III) blocked the cleavage with the enzymes. In addition, experiments with Hind III, Eco RI and Bam HI showed that the extent of cleavage block appears to reflect the relative efficiency of dimer formation in sequences, TT, CT and CC.
In a previous communication, we reported the block of cleavage of pBR322 DNA with restriction enzymes by pretreatment of the DNA with black light in the presence of 8-meth oxypsoralen.') The idea from the previous study was applied to the present study dealing with pBR322 DNA pretreated with ultraviolet light at 254 nm. Similar studies have been performed by Hall and Larcom who used SP02c/2 and SPPI DNAs2) and by Cleaver, et alL who used SV40 and pBR322 DNAs.3) In order to examine the mode of block in more detail, the restric tion enzymes used in the present study were chosen on the basis of the concept that they cover three categories with respect to the location of pyrimidine-pyrimidine sequence which has a potential capability of dimer formation within a recognition region. Enzyme for the first category was Acc I for which the recognition sequence contains TC positioned at the cutting site. Enzymes for the second category included Hind III, Eco RI and Bam HI. Sequences of TT, TC and CC, respectively, are located at the position opposite the cutting site. Enzyme for the third category was Aha III. The sequence, TTT, is located adjacent to the cutting site. The recognition sequences for these enzymes and relevant recognition map of pBR322 are shown in Fig. 1 . The data in this figure were taken from Maniatis, et a1. 4) The pBR322 DNA were prepared as described previously.') In some preparations detect able amounts of open circular and/or linear forms were contaminated within the bulk of the closed circular form. Restriction enzymes, Acc I, Hind III, Eco RI and Aha III were purchased from Takara Biomedical Co. and Pvu II from Boehringer Mannheim Chemical Co. The methods for digestion and electrophoresis have been described previously.') Irradiation with ultraviolet light (UV) was performed under a germicidal lamp (Toshiba Electric Co., 19W) at a fluence rate of 2 J/m2. The fluence was monitored with a UV Radiometer UVR-254 (Topcon). Effect on Acc I: Plasmid pBR322 has two cutting sites for Acc I with different recogni tion sequences (Fig. 1) . One, (a), contains TC overlying the cutting site, but the other, (b), does not contain pyrimidine-pyrimidine sequence. As can be expected, therefore, complete digestion with Acc I gave two bands corresponding to fragments having 1595 and 2767 base pairs, respectively ( Lanes c-f; Acc I digests of pBR322 irradiated with UV at 100, 1000, 5000 and 10000 J/m2, respectively.
When pBR322 DNA was converted to the linear form by digestion with Eco RI, complete digestion with Acc I gave three fragments of 651, 1595 and 2116 base pairs, respectively (Fig.  3, lane b) . Unexpected band for 2246 (1595 plus 651) base pairs must be formed by incom plete cleavage at the site (a). Increased amount of the enzyme or length of digestion time did not alter this situation. The presumed low efficiency of cleavage at the site (a) in the linear form pBR322 DNA as compared with efficient cleavage at the same site in the circular form (Fig. 2) may suggest that the structure of the whole DNA affects the efficiency of cleavage.) When the linear DNA had been irradiated with UV before digestion with Acc I, the products for 651 and 1595 base pairs were decreased with increasing UV fluences (Fig. 3, lanes c-f) due to the cleavage block at the site (a). Expected increase in the amount of the fragment for 2246 base pairs could not be observed distinctly, because the band was masked by the dense band for the same base pairs which existed initially in the unirradiated DNA. Appearance of the linear form for 4362 base pairs (Fig. 3) indicates that the site (b) which has no pyrimidine pyrimidine was also blocked against cleavage. A possibility may be the formation of a CT dimer using the C at the edge of the recognition sequence and a T adjacent to the C (under lined in Fig. 1 ). The cleavage block at the site (b) with the linear form DNA, but not with the circular form DNA, should be elucidated in future studies.
Effects on Hind III, Eco RI and Bam HI: The recognition sequence for each of these enzymes appears once in the pBR322 DNA. Therefore, the appearance of circular molecule by UV-DNA could be taken as a proof for the cleavage block. This was true for every enzyme described above. Of these enzymes, Hind III was the most sensitive. For example, using Hind III a detectable amount of circular form appeared at 240 J/m2 or less, while with Eco RI a fluence of 960 J/m2 was needed and there was almost no effect on Bam HI (data not shown). Similar results were obtained by Cleaver, et a1.
3) The linear form pBR322 DNA prepared by digestion with Pvu II gave two bands corresponding to 2326 and 2036 base pairs, respectively, by subsequent digestion with Hind III (Fig. 4, lane a) . UV-irradiation to this linear form DNA gave a newly formed band for the linear 4326 base pairs (Fig. 4, lane b) . Similar results were obtained for Eco RI (Fig. 4, lanes c and d) , but the effect of UV was smaller than the effect on Hind III and there was almost no effect on Bam HI (Fig. 4, lanes e and f) . These results seemed to reflect the relative efficiencies of dimer formation by 254 nm on TT, CT plus TC, and CC, respectively, reported by Setlow and Carrier.') We were able to make a rough estimate of the number of pyrimidine dimers formed in pBR322 DNA. Since the AT/GC ratio of the DNA is 0.75, the relative amount of TT, TC plus CT, and CC dimers could be obtained by interpolation of the data presented by the above authors, namely, 45, 42 and 13 per cent, respectively. The total number of dimers which would be produced in pBR322 DNA by irradiation at 254 nm UV could be obtained from the data of Rupp and Howard-Flanders in the genome of Escherichia coli (4.5 x 106 base pairs).6) Estimating the number of dimers in the genome to be 6.1/0.1 J/m2, then the number of dimers which would be produced in a pBR322 DNA (4362 base pairs) at 1000 J/m2 could be calcu lated to be, 26, 24 and 8, respectively. The number of pyrimidine-pyrimidine sequences, namely the site of potential dimer formation, in a pBR322 DNA was counted to be 510, 1046 and 561 for TT, TC plus CT and CC, respectively. The rate of formation of each type of dimer in corresponding pyrimidine-pyrimidine sequences could, then, be calculated to be, 5.1, 2.3 and 1.4 per cent, respectively. It is not known yet, however, whether the absence of UV effect on Bam HI was due to this low rate of CC dimer formation. Effect on Aha III: The recognition region for Aha III has a unique sequence, TTTAAA. It is likely, therefore, that the sequence may be a hot spot for dimer formation. The sequence appears three times in the pBR322 DNA and two of them are located very close to each other ( Fig. 1) , so that complete digestion of pBR322 DNA with Aha III gave two bands for 692 and 3651 base pairs, respectively (Fig. 5 , lane a; the band for 19 base pairs could not be detected under the present conditions). At a relatively small fluence of UV (100 J/m2), the band for linear 4362 base pairs newly appeared (Fig. 5, lane b) , indicating that cleavage at any two of the three sites was blocked. At elevated fluences, bands for open and closed circular molecules appeared (Fig. 5, lanes d and e) . Apparently these molecules were formed by a block at three sites. As could be expected before, therefore, Aha III was found to be useful as a sensitive probe for TT dimer formation.
